A pitch-synchronous analysis was carried out over the vowel portions of the CVC utterances HAYED, HOD, ItODE and the sentence FEW THIEVES ARE NEVER SENT TO THE JUG recorded by a male speaker. For every pitch period, the analysis provides formant frequencies and the waveform of the vocM-cord excitation. The excitation waveform was replaced by a simulated excitation waveform, with which the utterances were resynthesized. In Expt. I, sLx simulated waveforms with pulse shapes differing in the number and location of slope discontinuities were investigated. Listening tests indicated that simulated excitations with pulse shapes with a single slope discontinuity at closure are preferred. In Expt. II, simulated excitations with 16 combinations of opening and closing times of a preferred pulse shape were investigated. Listening tests indicated that very small opening or dosing times, or opening times approximately equal to or less than closing times, are not preferred. In general, it was demonstrated that good-quality synthetic speech can be generated by using simple excitation waveforms specified undormly over an utterance. The use of tournament testing strategies for perceptual evaluation of speech •mples Ls also described.
INTRODUCTION
The nature of the vocM-cord excitation has long interested speech researchers. One of the most important problems has been the specification of source excitations for speech synthesizers. It is known that the shape and periodicity of the vocal-cord excitation are subject to large variations. The question we have been concerned with is the nature and extent of such variations ;vhich are significant for the preservation of naturalhess in speech. In a previous paper, x the importance of pitchperiod variations was discussed. It was found that listeners could not discriminate natural-speech samples from samples in which most of the fine details of pitch variations had been smoothed. The present experiment is concerned with the effect on naturalness of the variation of glottal pulse shape. The emphasis is therefore on the temporal properties of the excitation rather than the spectral properties. There are three stages to the approach used in this experiment: an analysis of an utterance, including inverse filtering to obtain an excitation waveform; resynthesis after substitution of this natural excitation by an abstracted waveform; and subjective There is just one sharp slope discontinuity occurring at closure followed by the onset of the principal excitation There were two experimental alms. First, it was decided to simulate the basic shape of this natural excitation but to vary the relative opening and closing tiaaes to determine the effect of their variation on subjective quality. Second, it was decided to reduce the characterization of fine detail in the excitation to a specification of the nmnber and location of slope discontinuities on the pulse. Excitations were simulated with pulse shapes differing mainly in these respects, with more or less fixed relative opening and closing times, to determine the effect of these differences on quality. In an attempt to diminate loudness differences as a subjective parameter, the same rms level over each vowel portion of the natural ntterances was maintained over these portions in the utterances with simulated continuously at l=Te. With the exception of the triangle, the connection is also made with continuous slope equal to zero. The trapezoid is a truncated triangle whose apex is at t= Te. As mentioned previously, the basic difference between pulse shapes is the number and location of slope discontinuities. D has no slope discontinuities; B and C have one slope discontinuity at closing; E has slope discontinuities at opening and closing; the triangle A has an additional discontinuity at the peak; and the trapezoid F has two additional discontinuities. B and C have virtually the same shape, but B is composed of polynomials while C is composed of trigonometric functions. the exception of the pulse shape with no slope discontinuities, which ranks with the shape with the greatest number of slope discontinuities as poorest. B ranks consistently higher than C although they both have one slope discontinuity at closure. (B does have a sharper slope discontinuity than C and therefore a greater amount of high-frequency spectral energy.) It is interesting to note that the natural sample ranks first for the CVC syllables but only third for the sentence and that, among all the samples, the greatest amount of disagreement among subjects is associated with it. We note that the ranking based on geometric scores is the same as the ranking based on arithmetic scores, with the exception of an interchange of rank for the natural and "C" samples for the sentence utterance.
II. EXPERIMENT II
In the second series of experiments, pulse shape type C (a combination of two trigonometric functions with a single slope discontinuity at closure) was used as the basic pulse shape. 
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with first-derivative discontinuities. Therefore they all have spectra with this characteristic asymptotic decay. Pulse shape D has only second-and higher-order discontinuities, so that it has an asymptotic decay of 18 dB/oct. Speech using this shape as an excitation is consistently judged as poor. TM Another question of importance from the spectral point of view is the role of irregularities or dips in the source spectra. Snch dips are associated with complex zeros of the Laplace transforms of source pulses, that is, values of s=½+jco for which the Laplace transform F(s) is equal to zero. For small values of •, the dips in the spectrum will be quite sharp. Since the spectrum of the speech output can be considered as the product of the vocal-tract spectrum and the source spectrum, it is possible that a sharp minimum in the source spectrum can considersrely flatten or cancel a formant peak in the vocal-tract spectrum, and thus considerably alter the speech sound. Flanagan has synthesized vowel sounds with source specified such that the spectral zeros coincide with formant poles, resulting in a significant perceptual effect. '• It is not clear, however, that similar situations are likely to occur in natural speech. Dunn et al. 15 have shown that for a symmetric (isosceles) triangle and for other symmetric pulses the zeros lie on the jco axis (•=0), but that a slight perturbation from symmetry produces a large shift in a away from zero, thereby considerably reducing the spectral dips. Given such instability with respect to a, it seems likely that in natural speech, where there is always continuous variation in soume characteristics, sharp dips are quite transitory or even nonexistent. For efficient encoding of synthetic speech, however, it is desirable to reproduce as few as possible of the details of variation without degrading the quality of the speech. Thus, if a constant pulse shape is used as an excitation, care should be taken to avoid symmetric shapes which produce pronounced spectral dips. In the present experiments, the preferred shapes B and C are intrinsically asymmetric so that the zeros can never fall on the j•o axis for any combination of relative opening and dosing times. We have found that for shape C most of the spectral irregularities are obtained for shapes in which the relative opening time is approximately equal to or less than the relative dosing time. In Expt. II, we have shown that such shapes rank low in preference.
Perhaps the single most important result of these experiments has been the demonstration that goodquality synthetic speech is obtained with excitation functions which can be specified by simple polynomial or trigonometric functions uniformly throughout the vowel portions of an utterance. The absence of temporal detail does not degrade the quality. The results of Expt. I have shown that the most preferred pulse shape has but a single slope discontinuity at dosing. In Expt. II, we have found that there is a fairly large tolerance for different combinations of relative opening and closing times but that very small opening or closing times, or opening times less than or approximately equal to closing times, are not ranked favorably. a slight advantage according to this measure. This is not surprising, since in the double-elimination tournament a sample can be excluded only after two losses and there is therefore less chance of eliminating a good sample. The rankings from successive tournaments can be expected to be more stable and consistent for this type than for single-elimination tournaments.
•n Discussions of tournament testing strategies can be found 
